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Abstract 
We have investigated current transport properties in two G1dBa2Cu3O7-G (GdBCO) coated conductors deposited on different 
quality of IBAD substrate, i.e., in-plane alignments of the substrate are 1.98q and 2.78q, respectively. From the comparison, Jc 
enhancement has been confirmed in wide temperature and magnetic field region in the sample using highly oriented IBAD 
substrate, whereas the irreversibility field and shape of pinning force density (Fp) does not change much. Furthermore, higher in-
filed Jc than that of  BaHfO3 doped GdBCO coated conductor deposited on standard IBAD substrate has also been observed in 
practical high field region at low temperature. These results indicate that the improvement of in-plane texturing in the substrate is 
still very effective even in such range of 2 to 3q to improve in-field Jc.  
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1. Introduction 
For the improvement of Jc in rare-earth based superconducting coated conductor (CC), it is well established that 
highly oriented substrate is required because critical current density, Jc, across grain boundaries decreases 
significantly with increase of misalignment angle of the grain boundary [1]. However, the influence of in-plane 
alignment of IBAD template on in-field Jc in CC is not yet clarified especially with a thick superconducting layer 
over 1 Pm. In this study, we have carried out current transport measurements in two Gd1Ba2Cu3O7-G (GdBCO) CCs 
deposited on different quality of IBAD substrate. In-field Jc over a wide range of temperature from 77 K to 4.2 K 
and macroscopic pinning force density, Fp, have been investigated. We have also compared Jc and Fp with those of 
BaHfO3 (BHO) doped GdBCO CC deposited on a standard IBAD substrate for the discussion on the effectiveness 
of highly oriented IBAD substrate.  
2. Experiments 
2.1. Sample 
Both IBAD substrates were composed of CeO2/LMO/IBAD-MgO/HastelloyTM. The in-plane alignment of self-
epitaxial CeO2 layer was controlled by thickness of CeO2, i.e., in-plane miss-orientation angles, 'I, of 2.72q and 
1.98q were achieved by 600 nm and 1,500 nm in thickness of CeO2, respectively [2]. 1.5Pm-thick GdBCO films 
were deposited by Pulsed Laser Deposition (PLD) method on each substrate. For the measurement of current vs. 
voltage characteristic, we made micro-bridges 500 Pm in length and 100 Pm in width by using a photolithograph 
technique and wet-etching process. The detail of sample specifications is shown in Table 1. 
   
Table 1. Sample specifications. 
Superconducting layer material In-plane misorientation angle,  'I Thickness  of GdBCO layer Jc @ 77K, s.f. 
Gd1Ba2Cu3O7-G 
1.98q 
1.5 Pm 
3.7 MA/cm2 
2.72q 2.3 MA/cm2 
2.2. Current vs. voltage characteristic measurement 
We measured current vs. voltage characteristics by conventional dc four-probe method at various conditions of 
temperature from 77 to 4.2 K and magnetic field from self-field to 17 T. The temperature was controlled by 
adjusting the flow rate of cooled helium gas and the heater power at the bottom of sample holder and cryostat. The 
temperature accuracy during measurement was about r0.1 K. External magnetic field was applied perpendicular to 
the CC surface by a superconducting magnet. The Jc was estimated by dividing critical current, Ic, value by the 
cross-sectional area of superconducting layer. 
 
3. Results and discussion 
3.1. In-field Jc and macroscopic pinning force density at various temperatures 
Fig. 1 shows in-field Jc characteristics at various temperatures from 77 to 4.2 K. As shown in Fig. 1(a), GdBCO 
CC on highly oriented substrate shows high Jc values at low and middle range of magnetic field, whereas Jc around 
high filed is the same as that of GdBCO CC on standard IBAD substrate. This means that the practical performance 
has been enhanced by improving in-plane alignment of IBAD substrate. As shown in Fig. 1(b), even at low 
temperature, enhancement of Jc can be confirmed over a wide magnetic field range up to 17 T. For the discussion of 
the origin of Jc enhancement, we obtain the macroscopic pinning force density, Fp({JcuB), as shown in Fig. 2. 
Enhancement of the peak value of Fp can be confirmed and the increasing ratio is about 1.7 from 77 to 50 K. On the 
 Masayoshi Inoue et al. /  Physics Procedia  67 ( 2015 )  903 – 907 905
other hand, irreversibility field, Birr, does not change much in 77 and 65 K. Furthermore, we carried out the scaling 
analysis of Fp. It is well known that the Fp can be described by following function;  
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where the Birr is irreversibility field, and J & G are pining parameters. As shown in Fig. 3(a), magnetic field 
dependences of Fp normalized by maximum Fp, Fp_max, at various temperatures are well scaled on a master curve  
shown by the solid line. Moreover, the Fp for GdBCO CC on standard IBAD substrate is also well scaled on the 
same master curve. These results suggest that the effects of the highly oriented IBAD substrate are, (1) the pinning 
mechanism itself is not changed and (2) effective cross-section area of superconducting matrix is increasing 
approximately 1.7 times larger. Most probably, it will become more relevant in case of thicker film.  In other words, 
the improvement of in-plane texturing in the IBAD substrate is still very effective to increase in-field Ic even in such 
range of 2 to 3q. 
 
3.2. Comparison with BHO doped GdBCO CC 
We have also compared the in-field Jc and pinning property with that of GdBCO CC with artificial pinning 
centers (APCs). Jc-B characteristics of BaHfO3 (BHO) doped GdBCO CC [4] are shown by the dotted curves in 
Fig. 1. Though the in-field Jc of BHO doped GdBCO CC is higher than that of GdBCO CC on highly oriented 
substrate at low and medium magnetic field strength, crossover is observed at 65 K and 50 K in high field.  Also, 
magnetic field dependence of Fp shows the enhancement of maximum Fp and the crossover of Fp as shown in Fig. 2. 
For the comparison of pinning property, scaling analysis is also carried out and the result is shown in Fig. 3(b). We 
have confirmed Fp of BHO doped GdBCO CC is also well scaled on a master curve and the shape of Fp curve is 
quite different with that of GdBCO CC on highly oriented substrate. The pinning parameter, J, which is correspond 
to the slope of Fp-B curve at low magnetic field is 0.95 for BHO doped GdBCO CC. This means the Fp is almost 
linearly increasing with increase of external magnetic field, that is, fluxoids are pinned strongly by nano-rods. 
However, the Fp decreased sharply after the peak of Fp. This suggests that the pinning force is limited by shearing of 
flux line lattice and/or collective pinning. Anyhow, APCs doesn’t work effectively in this regime. Another drawback 
by the APCs introduction is the reduction of effective cross-sectional area of superconductivity. As is well known, 
self-field Jc is usually reduced by the APCs addition. In our present sample, Jc at 77 K, s.f. (= 2.1 MA/cm2) is 10% 
smaller than that of pure GdBCO deposited on a similar substrate. As a result, the crossover of Jc and Fp has been 
observed. From these results, it should be noted that introducing of APCs is a trade-off between the enhancement of 
in-field Jc and reduction of effective area of superconducting matrix. 
 
4. Conclusion 
We have investigated in-field Jc in GdBCO CCs deposited on highly oriented IBAD substrate. Enhancement of 
in-field Jc has been confirmed over a wide range of temperatures from 77 down to 4.2 K and magnetic field from 
self-field to 17 T, whereas the irreversibility field and the shape of pinning force density does not change much. 
Analysis on the pinning force density suggests that the improvement comes from the enhancement of effective 
cross-sectional area of the superconducting layer. These results indicate that the improvement of in-plane texturing 
in the substrate is still very effective even in such range of 2 to 3q. Furthermore, superior in-filed Jc than that of 
BaHfO3 doped GdBCO coated conductor deposited on a standard IBAD substrate has also been observed in 
practical high field region. It has been pointed out that we should consider the introduction of APCs taking into 
account the operation condition and a trade-off between the enhancement of pinning force density and reduction of 
effective area of superconducting matrix. 
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Fig. 1. Jc-B characteristics at (a) 77 K and 65 K, (b) 50, 20 and 4.2 K. 
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Fig. 2. Magnetic field dependence of macroscopic pinning force density, Fp(=JcB), at (a) 77 K, (b) 65 K, (c) 50 K, and (d) 20 K. 
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Fig. 3. Scaling of Fp for (a) GdBCO CC on highly oriented substrate and (b) BHO doped GdBCO CC. 
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